Purpose To evaluate the effectiveness of pelvic arterial embolization (PAE) for intractable postpartum hemorrhage (PPH) after hysterectomy.
INTRODUCTION
Postpartum hemorrhage (PPH) accounts for 25% of maternal deaths worldwide and is J Korean Soc Radiol 2019;80(1):98-104 a major cause of emergency hysterectomy (1, 2) . Traditional management includes uterine massage, uterine packing, and uterotonic agent administration. If these treatments are not effective, pelvic artery ligation, balloon tamponade, hysterectomy, and transarterial embolization (TAE) are performed (2, 3) .
Since the introduction of TAE as a treatment for PPH in 1979, it has been shown to have a high success rate and low complication rate in many reports (2, 4, 5) . Recently, it has been applied to PPH for genital tract laceration, retained or invasive placenta, and uterine atony (3) .
Nevertheless, the treatment guideline for refractory PPH differs for each hospital and country, and most of the decisions about pelvic arterial embolization (PAE) are made by obstetricians (2, 6) . Therefore, surgical treatment, such as hysterectomy, is performed in many cases according to the patient's condition. However, some bleeding may persist after surgery, and TAE may be required. Nevertheless, the efficacy of TAE to manage persistent bleeding after hysterectomy have not been well documented, because there have been only a few published case reports (7) (8) (9) .
The purpose of this study was to evaluate the safety and efficacy of pelvic artery embolization for persistent PPH after hysterectomy. Table 1 . Thirteen of the 14 patients were transferred from outside hospitals, and one was The most common cause of PPH was uterine atony (7/14, 50%), followed by uterine rupture (n = 3), retained placenta (n = 2), and uterine artery (UA) rupture (n = 2), was confirmed by surgical findings after hysterectomy.
MATERIAL AND METHODS

PATIENTS
The hemoglobin (Hb) level just before embolization ranged from 4.8 to 8.9 g/dL, with a mean of 6.9 g/dL. Transfusion of pack RBC before and after the procedure was done for all patients. Gelatine sponge is the most commonly used transient embolic material in PPH patients and was used in only two cases (no. 6 and 7) in our study. In these patients, active bleeding was not evident, but the vessels were collapsed by severe hypovolemia, and the iliac artery branches were not seen. Therefore, embolization of the anterior division of both IIA was performed, and gelfoam was used to avoid complications after the procedure. When remnants of both UA was seen without active bleeding, PVA particles were used instead of gelfoam for UA embolization.
EMBOLIZATION TECHNIQUE
Our study has several limitations. The first limitation of our study was its retrospective design. The second limitation was that the sample size is too small to find any statistical significance. The third limitation was that the indication of postoperative embolization was not clear. Embolization was done after discussion with the obstetrician about postoperative patient condition, amount of bleeding, and lab findings.
In conclusion, our single-center study confirms that PAE for persistent PPH after a hysterectomy is a safe and effective treatment. Remnant UA was the most representative bleeding A. The left IIA angiogram shows a small pseudoaneurysm (arrow) with contrast leakage in the lateral sacral artery.
B. After coil embolization, the pseudoaneurysm has disappeared.
C. On the next day, left iliac artery angiogram was done because of persistent vaginal bleeding. There is no active bleeding or visualized pseudoaneurysm on the angiogram. Gelfoam embolization was performed on the anterior division of the bilateral IIA.
IIA = internal iliac artery
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